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(57) ABSTRACT

A semiconductor module is provided in a power system of an
apparatus. The semiconductor module includes a semicon-
ductor switch, a voltage applying device configured to apply
a first voltage that is equal to or higher than a rated voltage of
the apparatus to the semiconductor switch in an off-state in a
case where the apparatus is not in practical use, and a leak
detecting circuit configured to detect a leak current from the
semiconductor switch. The rated voltage of the apparatus is a
rated voltage when the apparatus is in practical use.
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FIG. 3
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FIG. 4
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FIG. 6
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SEMICONDUCTOR MODULE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2012-177488 filed on Aug. 9, 2012, the contents of
which are hereby incorporated by reference into the present
application.

TECHNICAL FIELD

A technique described herein relates to a semiconductor
module.

DESCRIPTION OF RELATED ART

Semiconductor switches are used as switching elements in
a power system of an apparatus. Devices and circuits are
known which are configured to diagnose possible degrada-
tion of semiconductor switches used for the power system of
the apparatus. For example, Japanese Patent Application Pub-
lication No. 2003-294807 describes a device which is con-
nected, during a periodic inspection or the like, to a semicon-
ductor switch to be measured and applies a measurement
voltage to the semiconductor switch to diagnose possible
degradation.

SUMMARY

A power system of a conventional apparatus generally
includes no circuit for diagnosing possible degradation of
semiconductor switches, and thus, an apparatus for degrada-
tion diagnosis is used to diagnose possible degradation during
inspection as is the case with Japanese Patent Application
Publication No. 2003-294807. This precludes possible deg-
radation of a semiconductor switch from being immediately
determined.

A semiconductor module disclosed herein is provided in a
power system of an apparatus. The semiconductor module
includes a semiconductor switch, a voltage applying device
configured to apply a first voltage that is equal to or higher
than a rated voltage of the apparatus to the semiconductor
switch in an off-state in a case where the apparatus is not in
practical use, the rated voltage of the apparatus being a rated
voltage when the apparatus is in practical use, and a leak
detecting circuit configured to detect a leak current from the
semiconductor switch.

In this semiconductor module, when the apparatus is not in
practical use, the leak current from the semiconductor switch
can be detected by applying the voltage to the semiconductor
switch in the off-state. Thus, possible degradation can be
immediately determined. Furthermore, the voltage equal to or
higher than the rated voltage for the apparatus in practical use
is applied to the semiconductor switch. Consequently, pos-
sible degradation can be reliably detected.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic circuit diagram a power system of a
hybrid car according to Embodiment 1;

FIG. 2 is a circuit diagram showing the circuit diagram in
FIG. 1 in detail;

FIG. 3 is an equivalent circuit diagram of FIG. 2;

FIG. 4 is a diagram showing a current flowing through the
circuit in FIG. 2;
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FIG. 5 is a diagram showing a current flowing through the
circuit in FIG. 2;

FIG. 6 is a flowchart of a process carried out when an
ignition of the hybrid car is switched off according to
Embodiment 1; and

FIG. 7 is a flowchart of a leak detection process shown in
FIG. 6.

DETAILED DESCRIPTION OF EMBODIMENT

A semiconductor module disclosed therein is provided in a
power system of an apparatus, for example, a transportation
apparatus such as a car, an industrial apparatus, or an electric
apparatus. A state in which the apparatus is in practical use
means that the apparatus is energized and actually used. For
example, if the apparatus is, though not limited to, a car, the
practical use state corresponds to a state in which the appa-
ratus is energized and is in a vehicle operation mode. More
specifically, a state where an ignition of the car is on corre-
sponds to the practical use state, and a state where an ignition
of'the car is off does not correspond to the practical use state.
The semiconductor module disclosed herein carries out leak
detection when the apparatus is not in practical use. Thus, a
configuration used when the apparatus is in practical use may
be used for leak detection, allowing the semiconductor mod-
ule to be prevented from being excessively complicated for
leak detection.

The leak detection may be carried out when the apparatus
is not in practical use, and timings for the leak detection, the
number of times that the leak detection is executed, the fre-
quency of the leak detection, and the like may be optionally
set. For example, the leak detection may be carried out exclu-
sively when the practical use of the apparatus ends or carried
out when the apparatus not in practical use further meets a
predetermined condition. Alternatively, the leak detection
may be intermittently carried out at pre-determined intervals
while the apparatus is not in practical use. Alternatively, the
leak detection may be carried out in response to an input from
auser of the apparatus or the like when the apparatus is not in
practical use.

A semiconductor switch provided in the semiconductor
module is not limited but may be, for example, a transistor
such as an IGBT or a MOSFET. When the semiconductor
switch is a large-capacity power semiconductor, a technique
disclosed herein may preferably be used.

Any voltage applying device may be used to apply a first
voltage to the semiconductor switch during the leak detection
provided that voltage applying device may apply the first
voltage equal to or higher than a rated voltage applied to the
semiconductor switch when the apparatus is in practical use.
The voltage applying device applying the first voltage to the
semiconductor switch during the leak detection may be iden-
tical to or separate from a voltage applying device used when
the apparatus is in practical use. The first voltage applied to
the semiconductor switch by the voltage applying device
when the apparatus is not in practical use is preferably higher
than the rated voltage for the apparatus in practical use (a
so-called system rated voltage) and lower than an element
rated voltage for the semiconductor switch. The leak detec-
tion can be carried out with a higher voltage applied to a
degree that the accepted semiconductor switch is prevented
from being destroyed, and thus, possible degradation of the
semiconductor switch can be more reliably detected.

In the semiconductor module, the apparatus may include a
generator, and the semiconductor module may include a con-
troller configured to operate the generator. Moreover, the
voltage applying device may be a smoothing capacitor con-
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nected to the semiconductor switch, and the controller may
operate the generator to accumulate charge in the smoothing
capacitor and use the accumulated charge to apply the first
voltage to the semiconductor switch. Thus, the first voltage
equal to or higher than the rated voltage applied to the appa-
ratus in practical use may be applied to the semiconductor
switch during the leak detection without provision of a sepa-
rate voltage applying device for the leak detection. The gen-
erator may be a motor generator.

The controller may operate the generator to accumulate the
charge in the smoothing capacitor in the case where the appa-
ratus is not in practical use, and the smoothing capacitor may
use the accumulated charge to apply the voltage to the semi-
conductor switch.

The semiconductor module may include both an upper arm
side semiconductor switch and a lower arm side semiconduc-
tor switch, and each of the upper arm side semiconductor
switch and the lower arm side semiconductor switch may
include a main region and a sense region configured to detect
a current which flows in the main region. In this case, the
voltage applying device may apply the first voltage to one of
the upper arm side semiconductor switch and the lower arm
side semiconductor switch that is in an off-state, in a case
where the sense region of the other of the upper arm side
semiconductor switch and the lower arm side semiconductor
switch that is in an on-state is connected to the leak detecting
circuit. For example, when the first voltage is applied to the
upper am side semiconductor switch and a leak current flows
from the upper arm side semiconductor switch, a current
flows from the sense region of the opposite lower arm side
semiconductor switch to the leak detecting circuit, which can
detect the leak current from the upper arm side semiconductor
switch. A circuit for detecting the current in the main region
of each semiconductor switch may be utilized as the leak
detecting circuit, thus eliminating a need to install a circuit
dedicated to leak detection.

The controller configured to operate the generator may turn
on and off the semiconductor switch in a controllable manner.
When the semiconductor module includes the controller and
both the upper arm side semiconductor switch and the lower
arm side semiconductor switch, and each of the upper arm
side semiconductor switch and the lower arm side semicon-
ductor switch includes the main region and the sense region
configured to detect a current which flows in the main region,
the controller may operate the generator to accumulate charge
in the smoothing capacitor, control one of the upper arm side
semiconductor switch and the towel arm side semiconductor
switch to be in the on-state and the other of the upper arm side
semiconductor switch and the lower arm side semiconductor
switch to be in the off-state, and apply the first voltage to the
other of the upper arm side semiconductor switch and the
lower arm side semiconductor switch that is in the off-state by
using the charge accumulated in the smoothing capacitor in a
state in which the sense region of the one of the upper arm side
semiconductor switch and the lower arm side semiconductor
switch that is in the on-state is connected to the leak detecting
circuit.

Representative, non-limiting examples of the present
invention will now be described in further detail with refer-
ence to the attached drawings. This detailed description is
merely intended to teach a person of skill in the art further
details for practicing preferred aspects of the present teach-
ings and is not intended to limit the scope of the invention.
Furthermore, each of the additional features and teachings
disclosed below may be utilized separately or in conjunction
with other features and teachings to provide improved semi-
conductor modules.
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Moreover, combinations of features and steps disclosed in
the following detailed description may not be necessary to
practice the invention in the broadest sense, and are instead
taught merely to particularly describe representative
examples of the invention. Furthermore, various features of
the above-described and below-described representative
examples, as well as the various independent and dependent
claims, may be combined in ways that are not specifically and
explicitly enumerated in order to provide additional useful
embodiments of the present teachings.

All features disclosed in the description and/or the claims
are intended to be disclosed separately and independently
from each other for the purpose of original written disclosure,
as well as for the purpose of restricting the claimed subject
matter, independent of the compositions of the features in the
embodiments and/or the claims. In addition, all value ranges
or indications of groups of entities are intended to disclose
every possible intermediate value or intermediate entity for
the purpose of original written disclosure, as well as for the
purpose of restricting the claimed subject matter.

Embodiment 1

FIG. 1 shows a schematic circuit diagram of a power sys-
tem of a hybrid car 100 according to Embodiment 1. The
hybrid car 100 includes a semiconductor module 2, a battery
BT, a motor generator MG, and an engine ENG. The semi-
conductor module 2 is electrically connected to the battery
BT and the motor generator MG. The battery BT is a
rechargeable secondary battery. The motor generator MG is a
three-phase AC type and includes coils U, V, and W connected
together in a delta form. The motor generator MG is mechani-
cally connected to the engine ENG via a power transmitter
TM. The power transmitter TM is a gear unit which distrib-
utes and merges power from the engine ENG and power from
the motor generator MG and which transmits the resultant
power to an axle WA. Appropriate control of the power trans-
mitter TM allows the hybrid car 100 to travel using only the
engine ENG;, only the motor generator MG, or the total force
of the power from the engine ENG and the power from the
motor generator MG. Furthermore, the hybrid car 100 can
utilize the kinetic energy of the vehicle during braking to
drive the motor generator MG from an output side, thus
generating electric power to charge the battery BT.

The semiconductor module 2 includes an inverter 13, a
capacitor C1, and a controller 39 A high potential side of the
battery BT is connected to an input end of the inverter 13 via
a cutout relay 20. The inverter 13 includes six transistors Trl
to Tr6, six diodes D1 to D6 (reflux diodes) connected to the
transistors Trl to Tr6 respectively, and six drivers Drl to Dr6.
The drivers Dr1 to Dré6 can switch on and off the transistors
Trl to Tr6. The inverter 13 is of a three-phase type and
includes three sets each of two transistors connected together
in parallel as shown in FIG. 1. As is well known, a line passing
through the high-potential side transistors Tr1, Tr3, and Tr5 is
referred to as an “upper arm”, and a line passing through the
low-potential side transistors Tr2, Trd4, and Tr6 is referred to
as a “lower arm”. Furthermore, a common high-potential line
through which power is supplied to the upper arm is some-
times referred to as a P line, and a low-potential line common
to the lower upper arm is sometimes referred to as an N line.
The N line is connected directly to a low-potential terminal of
the battery BT. The controller 30 is connected to the motor
generator MG, the engine ENG, the cutout relay 20, and the
drivers Drl to Dr6 in a controllable manner.

Each of the transistors Trl to Tr6 has a main region and a
sense region that allow a current in the main region to be
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detected. The main region and the sense region are formed on
the same semiconductor substrate. An IGBT element is
formed in each of the main region and the sense region. The
main region and the sense region share a gate terminal and a
collector terminal and have different emitter terminals. The
collector terminal, and gate terminal and the emitter terminal
of the sense region of each of the transistors Tr1 to Tr6 are
connected to a corresponding one of the drivers Drl to Dr6.
The emitter terminals of the main regions of the upper arm
side transistors Trl, Tr3, and Tr5 and the collector terminals
of the lower arm side transistors Tr2, Tr4, and Tr6 are con-
nected together, respectively. Connection points (output ends
of the inverter 13) between the upper arm side and the lower
arm side are connected to the coils U, V, and W, respectively,
of the motor generator MG.

Typically, an output voltage from the battery BT is about
200V and is increased by a booster circuit (not shown in the
drawings). When the hybrid car 100 is in practical use and a
potential difference between the P line and the N line is
denoted by VH, the VH is about 600V to about 700 V. When
the hybrid car 100 is in practical use, a system rated potential
applied to the transistors Trl to Tr6 is about 600 V to about
700 V. In this case, the transistors Trl to Tr6 may be power
semiconductors with an element rated voltage of 1,200V to
1,400 V. When power is supplied to the motor generator MG
for operation, an output from the inverter 13 is supplied to the
motor generator MG. Each set of two transistors connected in
series outputs AC power for a corresponding one of the three
phases U, V, and W.

The capacitor C1 is connected between the battery BT and
the inverter 13 and in parallel with the battery BT and the
inverter 13. The capacitor C1 is provided at the input end of
the inverter 13 to smooth an input current to the inverter 13.
The semiconductor module 2 operates a motor for operating
the vehicle and thus handles a large current. Thus, the capaci-
tor C1 has a large capacitance. Although not shown in the
drawings, the semiconductor module 2 may further include a
discharge circuit for discharging the capacitor C1.

FIG. 2 is a diagram showing how the transistors Trl and
Tr2 are connected together in further detail. FIG. 3 is a dia-
gram showing an equivalent circuit of the transistors Trl and
Tr2, In FIGS. 2 and 3, the gate terminal and the collector
terminal are denoted by G and C, respectively, and the emitter
terminal of the main region and the emitter terminal of the
sense region are denoted by E and S, respectively. Integrated
circuits IC1 and IC2 are voltage monitoring ICs and are built
in the drivers Dr1 and Dr2. The emitter terminals of the sense
regions of the transistors Trl and Tr2 are connected to the
integrated circuits IC1 and IC2, respectively, via respective
voltage converters. Each of the integrated circuits IC1 and
1C2 allows a current flowing through the sense region to be
detected. The emitter terminal of the sense region is further
grounded via a resistor. As shown in FIG. 3, several ten
thousand IGBT cells are connected together in parallel and to
the semiconductor substrate for the transistors Trl and Tr2,
and about one-ten thousandths (Vioooo) of the IGBT cells are
used as the sense regions. The main region and the sense
region are connected together on a collector terminal side,
while, on an emitter terminal side, the emitter terminal of the
sense region is connected to the integrated circuit IC1 or IC2
without being connected to the emitter terminal of the main
region. Each of the integrated circuits IC1 and IC2 allows a
current flowing through the sense region to be detected. When
the hybrid car 100 is in practical use, each of the integrated
circuits IC1 and IC2 is used to detect a value of a current
flowing through the main region of a corresponding one of the
transistors Trl and Tr2.
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Leak detection for the transistor Tr2 can be carried out by
setting the transistors Tr2 to Tr6 to an off-state, setting a gate
of'the upper arm side transistor Trl to an on-state, and apply-
ing a high voltage to between the collector terminal side of the
transistor Tr1 and the emitter terminal side of the transistor
Tr2. As shown in FIG. 4, when a leak current 12 flows through
the transistor Tr2 on the lower arm side, a current 121E flows
through the main region of the transistor Trl on the opposite
upper arm side, and a current 121S flows through the sense
region of the transistor Trl. The current 1218 is converted by
the voltage converter, and the resultant voltage is input to the
integrated circuit IC1. The integrated circuit IC1 allows the
leak current 12 from the transistor Tr2 to be detected.

Leak detection for the transistor Trl can be carried out by
setting the transistors Trl and Tr3 to Tr6é to the off-state,
setting a gate of the lower arm side transistor Tr2 to the
on-state, and applying a high voltage to between the collector
terminal side of the transistor Trl and the emitter terminal
side of the transistor Tr2. As shown in FIG. 5, when a leak
current 11 flows through the upper arm side transistor Trl, a
current [12E flows through the main region of the opposite
lower arm side transistor Tr2, and a current 112S flows
through the sense region of the transistor Tr2, The current
112S is convened by the voltage converter, and the resultant
voltage is input to the IC2. The IC2 allows the leak current 11
from the transistor Trl to be detected.

As shown in FIG. 6, the controller 30 determines that the
hybrid car 100 is not in practical use when an ignition (IG) of
the hybrid car is set to the off-state. To carry out leak detec-
tion, the controller 30 sets the engine ENG to the on-state. The
controller 30 allows the engine ENG to operate the motor
generator MG as a generator to start power generation (step
S101). Subsequently, the controller 30 turns off the cutout
relay 20 (step S103). Power generated by the motor generator
MG allows charge to be accumulated in the capacitor C1,
increasing the VH, which is indicative of the potential difter-
ence between the P line and the N line. The operation of the
engine ENG and the power generation by the motor generator
MG continue until the potential difference VH between the P
line and the N line exceeds a leak detection voltage Vleak
(step S105). The leak detection voltage Vleak is higher than a
rated voltage of 600 V to 700V applied to the transistors Trl
to Tr6 when the ignition of the hybrid car 100 is switched on.
Furthermore, the VH is lower than an element rated voltage
for the transistors Trl to Tr6.

In step S107 to step S109, leak detection is carried out on
each of the paired upper and lower arm side transistors con-
nected together in series. The detection is carried out first on
the transistors Trl and Tr2, then on the transistors Tr3 and Tr4,
and subsequently on the transistors Tr5 and Tr6. Similar
processing is carried out on each pair of transistors, and thus,
only the leak detection for the transistors Trl and Tr2 will be
described.

When VH>Vleak, the controller 30 controls Dr1 to Dr6 to
set the transistors Tr2 to Tr6 to the off-state and to set the gate
of the upper arm side transistor Trl to the on-state (step
S107). Thus, the voltage VH is applied to between the col-
lector terminal side of the transistor Trl and the emitter ter-
minal side of the transistor Tr2 to start the leak detection for
the lower arm side transistor Tr2.

FIG. 7 is adiagram showing a flow of leak detection carried
out in steps S109 and S113 in detail. In step S131, ifa voltage
VCE between the collector and emitter of a detection target
transistor remains higher than the Vleak for a detection per-
mission time TS1, the leak detection is permitted to be carried
out. The process then shifts to step S133. In step S133, ifa
current ICE between the collector and emitter of the detection
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target transistor remains larger than a leak detection current
Ileak for a leak detection time TS2, the controller 30 deter-
mines that “leak is occurring” (step S135). If the condition in
step S133 is not met, the controller 30 determines that “leak is
not occurring” (step S137). As shown in FIG. 4, the current
ICE between the collector and emitter of each of the transis-
tors Trl and Tr2 is detected by the corresponding one of the
IC1 and IC2 utilizing the sense region of each of the transis-
tors Trl and Tr2 and output to the controller 30. The controller
30 then determines whether or not leak is occurring.

When the leak detection in step S109 in FIG. 6 ends, the
process shifts to step S111. In step S111, the controller 30
controls the Drl to Dr6 to set the transistors Tr1 and Tr3 to Tré
to the off-state and to set the gate of the lower arm side
transistor Tr2 to the on-state. Thus, the voltage VH is applied
to between the collector terminal side of the transistor Trl and
the emitter terminal side of the transistor Tr2 to start the leak
detection for the upper arm side transistor Trl. As described
above, in step S113, processing shown in FIG. 7 is carried out
as is the case with step S109 to determine whether or not leak
is occurring. As shown in FIG. 5, the current ICE between the
collector and emitter of the transistor Trl is detected by the
1C2 utilizing the sense region of the transistor Tr2. Alterna-
tively, steps S111 and S113 may be changed to steps S107 and
S109 to carry out the leak detection for the upper arm side
transistor Tr1 earlier than the leak detection for the lower arm
side transistor Tr2.

The leak detection is carried out on the transistors Tr3 to
Tr6 by processing similar to the processing in steps S107 to
S113. Then, the capacitor C1 is discharged (step S115). Sub-
sequently, a stop process is carried out (step S117).

As described above, the semiconductor module 2 can apply
the voltage to the transistors Trl to Tr6 to detect a possible
leak current from the transistors Trl to Tré when the ignition
of'the hybrid car 100 is switched off. When the ignition of the
hybrid can is switched off, the controller 30 executes the flow
shown in FIG. 6 and FIG. 7 to enable a possible leak current
from the transistors Trl to Tr6 to be detected, thus allowing
possible degradation of the transistors Tr1 to Tr6 to be imme-
diately determined.

Furthermore, the controller 30 operates the engine ENG
and the motor generator MG, used for traveling of the hybrid
car 100 and the like, to generate power, thus accumulating
charge in the capacitor C1 for smoothing. The capacitor C1,
provided for smoothing, can be utilized as a power applying
device, and thus, no power applying device dedicated to leak
detection needs to be installed. Furthermore, the charge accu-
mulated in the capacitor C1 is used to apply the voltage higher
than the rated voltage for an ignition-on state to the transistors
Trl to Tr6 to an extent that the element rated voltage is not
exceeded. Thus, possible degradation can be reliably
detected. As a result, the leak detection can be carried out by
applying a sufficient voltage for withstand voltage tests for
the transistors Trl to Tr6, which are power semiconductors
with an element rated value of more than 1,000 V.

Furthermore, each of the transistors Trl to Tr6 includes the
main region and the sense region. For a pair of the upper arm
side transistor and the lower arm side transistor (for example,
the transistors Trl and Tr2), the controller 30 can utilize the
sense region of a transistor on one side (for example, the
transistor Trl) to detect a possible leak current from a tran-
sistor on the opposite other side (for example, the transistor
Tr2). The controller 30 can utilize the circuits (for example,
the integrated circuits IC1 and IC2) for detecting the current
flowing through the sense regions, as leak detecting circuits.
Thus, no circuit dedicated to leak detection needs to be
installed.
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In FIG. 6, a series of flows start to be carried out when the
ignition of the hybrid car 100 is switched off. However, the
flows need not be carried out at this timing. For example, the
flows may be periodically carried out while the ignition of the
hybrid car 100 is off.

In the embodiment, the hybrid car 100 has been described
by way of example. However, the technique disclosed herein
can be widely utilized for transportation apparatuses such as
cars, industrial apparatuses, electric apparatuses, and the like
which have a power system with semiconductor switches.

What is claimed is:
1. A semiconductor module provided in a power system of
an apparatus, the semiconductor module comprising:

a semiconductor switch;

avoltage applying device configured to apply a first voltage
that is equal to or higher than a rated voltage of the
apparatus to the semiconductor switch in an off-state in
a case where the apparatus is not in practical use, the
rated voltage of the apparatus being a rated voltage when
the apparatus is in practical use; and

a leak detecting circuit configured to detect a leak current
of the semiconductor switch,

wherein the first voltage which the voltage applying device
applies to the semiconductor switch in a case where the
apparatus is not in practical use is higher than the rated
voltage of the apparatus when the apparatus is in prac-
tical use, and lower than a rated voltage of the semicon-
ductor switch.

2. The semiconductor module of claim 1, wherein

the apparatus includes a generator,

the semiconductor module includes a controller configured
to operate the generator,

the voltage applying device is a smoothing capacitor con-
nected to the semiconductor switch,

the controller operates the generator to accumulate charge
in the smoothing capacitor in a case where the apparatus
is not in practical use, and

the smoothing capacitor uses the accumulated charge to
apply the first voltage to the semiconductor switch.

3. The semiconductor module of claim 2, wherein

the semiconductor module includes both an upper arm side
semiconductor switch and a lower arm side semiconduc-
tor switch,

each of the upper arm side semiconductor switch and the
lower arm side semiconductor switch comprises a main
region and a sense region configured to detect a current
which flows in the main region, and

the voltage applying device applies the first voltage to one
of the upper arm side semiconductor switch and the
lower arm side semiconductor switch that is in an off-
state, in a case where the sense region of the other of the
upper arm side semiconductor switch and the lower arm
side semiconductor switch that is in an on-state are con-
nected to the leak detecting circuit.

4. The semiconductor module of claim 3, wherein

the semiconductor module includes both an upper arm side
semiconductor switch and a lower arm side semiconduc-
tor switch,

each of the upper arm side semiconductor switch and the
lower arm side semiconductor switch comprises a main
region and a sense region configured to detect a current
of the main region, and

in the case where the apparatus is not in practical use, the
controller:
operates the generator to accumulate charge in the

smoothing capacitor,
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controls one of the upper arm side semiconductor switch
and the lower arm side semiconductor switch to be in
an on-state and the other of the upper arm side semi-
conductor switch and the lower arm side semiconduc-
tor switch to be in an off-state, and
applies the first voltage to the other of the upper arm side
semiconductor switch and the lower arm side semi-
conductor switch that is in the off-state by using the
charge accumulated in the smoothing capacitor in a
state in which the sense region of the one of the upper
arm side semiconductor switch and the lower arm side
semiconductor switch that is in the on-state are con-
nected to the leak detecting circuit.
5. The semiconductor module of claim 2, wherein
the semiconductor module includes both an upper arm side
semiconductor switch and a lower arm side semiconduc-
tor switch,
each of the upper arm side semiconductor switch and the
lower arm side semiconductor switch comprises a main
region and a sense region configured to detect a current
of the main region, and
in the case where the apparatus is not in practical use, the
controller:
operates the generator to accumulate charge in the
smoothing capacitor,
controls one of the upper arm side semiconductor switch
and the lower arm side semiconductor switch to be in
an on-state and the other of the upper arm side semi-
conductor switch and the lower arm side semiconduc-
tor switch to be in an off-state, and
applies the first voltage to the other of the upper arm side
semiconductor switch and the lower arm side semi-
conductor switch that is in the off-state by using the
charge accumulated in the smoothing capacitor in a
state in which the sense region of the one of the upper
arm side semiconductor switch and the lower arm side
semiconductor switch that is in the on-state are con-
nected to the leak detecting circuit.
6. The semiconductor module of claim 1, wherein
the semiconductor module includes both an upper arm side
semiconductor switch and a lower arm side semiconduc-
tor switch,
each of the upper arm side semiconductor switch and the
lower arm side semiconductor switch comprises a main
region and a sense region configured to detect a current
which flows in the main region, and
the voltage applying device applies the first voltage to one
of the upper arm side semiconductor switch and the
lower arm side semiconductor switch that is in an off-
state, in a case where the sense region of the other of the
upper arm side semiconductor switch and the lower arm
side semiconductor switch that is in an on-state are con-
nected to the leak detecting circuit.
7. An apparatus comprising:
a semiconductor switch;
avoltage applying device configured to apply a first voltage
that is equal to or higher than a rated voltage of the
apparatus to the semiconductor switch in an off-state in
a case where the apparatus is not in practical use, the
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rated voltage of the apparatus being a rated voltage when
the apparatus is in practical use;
a leak detecting circuit configured to detect a leak current
of the semiconductor switch;
a generator; and
a controller configured to operate the generator, wherein
the voltage applying device is a smoothing capacitor con-
nected to the semiconductor switch,
the controller operates the generator to accumulate charge
in the smoothing capacitor in a case where the apparatus
is not in practical use, and
the smoothing capacitor uses the accumulated charge to
apply the first voltage to the semiconductor switch,
wherein the first voltage which the voltage applying device
applies to the semiconductor switch in a case where the
apparatus is not in practical use is higher than the rated
voltage of the apparatus when the apparatus is in prac-
tical use, and lower than a rated voltage of the semicon-
ductor switch.
8. The apparatus of claim 7, wherein
the apparatus includes both an upper arm side semiconduc-
tor switch and a lower arm side semiconductor switch,
each of the upper arm side semiconductor switch and the
lower arm side semiconductor switch comprises a main
region and a sense region configured to detect a current
which flows in the main region, and
the voltage applying device applies the first voltage to one
of the upper arm side semiconductor switch and the
lower arm side semiconductor switch that is in an off-
state, in a case where the sense region of the other of the
upper arm side semiconductor switch and the lower arm
side semiconductor switch that is in an on-state are con-
nected to the leak detecting circuit.
9. The apparatus of claim 8, wherein
the apparatus includes both an upper arm side semiconduc-
tor switch and a lower arm side semiconductor switch,
each of the upper arm side semiconductor switch and the
lower atm side semiconductor switch comprises a main
region and a sense region configured to detect a current
of the main region, and
in the case where the apparatus is not in practical use, the
controller:
operates the generator to accumulate charge in the
smoothing capacitor,
controls one of the upper arm side semiconductor switch
and the lower arm side semiconductor switch to be in
an on-state and the other of the upper arm side semi-
conductor switch and the lower a in side semiconduc-
tor switch to be in an off-state, and
applies the first voltage to the other of the upper arm side
semiconductor switch and the lower arm side semi-
conductor switch that is in the off-state by using the
charge accumulated in the smoothing capacitor in a
state in which the sense region of the one of the upper
arm side semiconductor switch and the lower arm side
semiconductor switch that is in the on-state are con-
nected to the leak detecting circuit.
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